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ABSTRACT  
This study examined the nutritional quality of smoked Catfish 
Clarias gariepinusI obtained in three different markets in Lapai, 
Niger State, Nigeria for a period of three months. Proximate 
compositions of smoked Clarias gariepinus were determined. The 
highest protein content (49.27 ± 2.59) was recorded in smoked 
fish obtained from Baddegi market and was not significantly 
different from that of other sampling sites (P>0.05), while the least 
protein (46.68 ± 0.52) recorded from Central market also shows 
no significant differences (P>0.05) from other sampling sites. 
Similar results were obtained for the fat, the differences in 
proximate composition of smoked fish in Lapai markets were not 
significant (P>0.05). The ash content of smoked fish in Efugwaja, 
Central and Baddegi markets showed significant differences 
(P<0.05) and these were also exhibited within the months. 
Sensory evaluation of smoked fish revealed that the taste was 
significantly different (P<0.05) in all the three market samples, 
while that of colour, texture and appearance were not significant 
(P>0.05).There was a significant different (P<0.05) in two 
minerals, Potassium and Sodium from Baddegi and Efugwaja 
markets. This study therefore recommends smoked method as 
one of the preservative process to maintain a longer shelf life for 
Clarias gariepinus for both commercial and domestic purpose, 
and still retain its nutritional qualities. 
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INTRODUCTION 
Clarias gariepinus is a very important freshwater fish in Nigeria. It 
has enjoyed wide acceptability in most parts of the country 
especially in North, because of its unique taste, nutrients, flavor 
and good texture (Adebowale et al., 2008). It is widely distributed 
and extensively cultivated in ponds. Aquacultures have begun to 
smoke the fish to attract a better price from local and international 
markets. Fish being highly perishable after harvest requires 
proper preservation and storage to increase the shelf life (Clucas 
and Ward, 1996). Major methods of fish processing and 
preservation have been identified such as freezing, smoking and 
drying. In most markets in Lapai Local Government Area, and in 
Nigeria, fish is sold to consumers as either frozen (ice fish) or 
cured (smoked). 
Fish is highly nutritious with high protein content. However, it is a 
suitable medium for growth of micro-organism (Tull, 1997). 
Researchers are concerned about the quality of products, this 
was apparent from the investors forum that was jointly organized 
recently by the Nigerian Institutes for Oceanography and Marine 
Research and the Raw Materials Research and Development 
Council, where participants called for better handling, processing 
and packaging of products to meet the required standards set by 
regulatory authorities in the countries of export (Oyeleye, 2003). 
Thus, as dried fish continues to occupy its important place as a 
delicacy in the dishes of Nigerians. Drying of fish extend its shelf 
life thereby increasing the availability of fish all year round 
(Afolabi et al., 1984). Fish smoking and drying naturally 
developed along the coastal fishing communities, the main 
objective being preservation of the catch for use over a long 
period of time (Adesulu, 2007). The traditional methods of 
processing are often inefficient and unhygienic, involving 
substantial post-harvest losses in terms of mould, fragmentation, 
infestation by flies and beetles, loss of quality by charring e.t.c. 
The traditional or conventional methods can be improved, and 
losses can be reduced by the use of Nigeria Institute of Marine 
and Oceanography Research  (NIOMR) smoking kiln and oven. It 
is instructive that the method has the effect of imparting a 
pleasant flavour to the product besides the preservative effect of 
the smoke itself (Burgress et al., 1965; Tull, 1997). 
The most important factor affecting the quality of a fish product is 
the freshness of the raw fish immediately prior to processing 
(Gokoglu et al., 2004). Poor quality raw fish produces poor quality 
end product. Processing can only help to slow down the rate of 
deterioration, and using spoiled fish as the raw material can only 
produce poor quality product (Wu and Mao, 2008).  
The objective of this study is to assess the nutritional quality of 
smoked fish in Lapai  environment , in order to establish the 
effectiveness of this preservative method in maintaining the 
nutritional quality of the fish. 
 
MATERIALS AND METHOD 
 
Study Area   
The study was conducted in Lapai town, Niger State, Nigeria. 
Lapai is situated between the latitudes 09°04′ N and 09°05′ N and 
longitudes 06° 34′ E and 06°35′E of the equator. The major 
economic activity of the people of Lapai is farming with 
specialization in crops, animal husbandry and fishing. 
 
Fish Used 
Smoked fish samples were obtained from three different markets 
in Lapai town:- Lapai central market, Efugwaja market and Badegi 
market. The fish samples were conveyed to the laboratory and 
oven dried at 45oC – 55oC. 
Proximate Analysis 
Some aspect of the proximate analysis determined included 
moisture, ash, fat and crude protein content using Association of 
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Organoleptic Characteristics Method 
Subjective analysis was used for organoleptic characteristics 
analysis, in which students were used to carry out the tests. Ten 
members of the panel were selected for each parameter like 
flavour, texture, appearance and palatability trained on the 
rudimentary aspects of organoleptic characteristics and how to 
apportion mark to each parameter. Fish products samples were 
issued out in conjunction with questionnaires. The fish samples 
were given out with questionnaires for the panel members to feel 
and taste the fish products and score based on how the taste, 
texture, palatability and odour appealed to them. The 
questionnaires were returned and marks were appropriately 
apportioned to each parameter. 
 
Statistical Analysis  
 The data was analyzed using two-way analysis of variance. 
Differences among the mean were separated using Bonferroni 
multiple comparism test. All analysis was carried out using 
Graphad Prism Version 5.0 software package. 
 
RESULTS AND DISCUSSION 
Table 1: Mean Proximate Composition of Smoked Clarias 
gariepinus from the Sampling Stations in Lapai, Niger State, 
Nigeria 
 
Mean value within the column with the same superscript are not 
significant (P<0.05) 
 
Table 1, presents the proximate composition of smoked Clarias 
gariepinus from the sampling sites. The highest Ash content 
(5.13% ± 2.74) was observed in Efugwaja market follow by 4.93% 
± 2.56 in Baddegi market sample while the lowest value (4.62% ± 
2.35) recorded in Central market sample. The Ash contents were 
significantly different in the sampling stations (P>0.05). The 
moisture contents in smoked Clarias gariepinus were not 
significantly different (P<0.05) in sampling stations Efugwaja and 
Baddegi markets, the highest recorded (9.10% ± 1.15) in Baddegi 
followed by Efugwaja (9.01% ± 1.31) and the lowest recorded 
(7.70% ± 0.88) in the Central market. The protein contents were 
not significantly different in Baddegi and Efugwaja markets, with 
the highest value of 49.27% ±2.56 and 49.04%±2.09 
respectively, and the lowest (46.68% ± 0.52) was recorded in 
Central market. Fiber contents recorded significant differences in 
the three markets, the highest value of 8.67% ± 0.23 was in 
Central market, followed by Efugwaja (7.73% ± 0.67) and the 
lowest value recorded (6.40% ± 0.20) in Baddegi market. The 
value of fat recorded were also not significantly different in the 
markets respectively Efugwaja, Baddegi and Central markets  
15.53% ± 2.63, 15.00% ± 2.82, and 14.47% ± 1.48.. 
 
Table 2: Mean Monthly Proximate Composition of Smoked 
Clarias gariepinus in Lapai, Niger State, Nigeria 
 
Mean value within the column with the same superscript are not 
significantly different (P<0.05) 
Table 2, present the mean monthly proximate composition of 
smoked Clarias gariepinus in Lapai.  The highest Ash content 
(9.98%±0.38) was recorded in the month of May which is highly 
significant different (P<0.05) from June and July respectively 
(2.40%±0.14; 2.30±0.07). There was no significantly different 
(P<0.05) in the moisture contents of June and July (7.71%±0.82, 
7.42%±0.16) respectively, however they were significantly 
different from that of May (11.60%±0.29).There was high protein 
in the month of May follow by June and July respectively 
(50.80%±2.36, 48.27±1.04 and 45.92%±0.68), and the values 
shows no significant differences (P>0.05). There was no 
significant differences (P>0.05) in Fiber content throughout the 
three months (May, June and July), with the following values 
respectively 7.83%±0.83, 7.80%±0.50 and 7.17%±0.87. Fat 
content shows significant differences throughout the three months 
(P<0.05) May, June and July, with the following values 
respectively 19.53%±0.79, 13.23%±0.34 and 12.57%±0.50. 
 
Table 3: Mean Mineral Composition of Smoked Clarias 
gariepinus from Sampling Stations in Lapai, Niger State, Nigeria 
 
 
Mean value within the column with the same superscript are not 
significantly different (P<0.05) 
 
Table 3, revealed the mineral analysis of smoked Clarias 
gariepinus from the sampling sites on phosphorus, potassium, 
sodium, calcium, and magnesium. The result indicated that 
phosphorus, calcium, and magnesium were not significantly 
different in the three (3) markets sampled (P>0.05), while in the 
case of potassium, there was no significant differences (P>0.05) 
in the values of Efugwaja (71.33mg/l ±0.67) and Central markets 
(75.00mg/l ±0.33), however they were significantly different 
(P<0.05) from that of Baddegi market (80.00 mg/l ±1.51). The 
value of sodium were significantly different in all the three markets 
sampled (P<0.05) Efugwaja market (68.33 mg/l ±0.30), Baddegi 
market (80.67mg/l±3.33) and Central market (70.00 mg/l ±2.00). 
 
Table 4: Mean monthly mineral composition of smoked Clarias 
gariepinus  in Lapai, Niger State, Nigeria 
 
Mean value within the column with the same superscript are not 
significantly different (P>0.05) 
 
Table 4, revealed the mineral composition of smoked Clarias 
gariepinus within the months, with the mean values of phosphorus 
showing no significant differences (P>0.50) for May (81.33mg/l 
±1.20) and June 81.33mg/l ±1.20, while the values of May and 
June were significantly different (P<0.50)from that of July 
(76.00mg/l ±1.51).The mean monthly value of Potassium were 
not significantly different (P>0.50) for the months of May 
(76.66mg/l ±2.91) and July (76.00mg/l ±2.31), however these 
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values were significantly different (P<0.50) from that of June 
(74.33mg/l ±2.33). The monthly mean values of sodium, calcium 
and magnesium as indicated in table 4 shows no significant 
differences  (P>0.05) for the three months sampling duration. 
 
Table 5: Mean Sensory Evaluation of Smoked Clarias gariepinus 
from the Sampling Stations in Lapai, Niger State, Nigeria 
 
Mean value within the column with the same superscript are not 
significant different (P>0.05) 
 
Table 5 presents the mean values of the sensory (Organoleptic) 
parameters ( colour, texture, appearance, taste, and aroma) of 
Clarias gariepinus obtained from the three (3) sampled markets 
Efugwaja market, Baddegi market and Central market . There 
were no significant differences (P>0.05) in the mean values of 
colour, texture, appearance and taste for the sampled markets. 
However, the mean values of aroma for Baddegi market 
(2.45(%)±0.56) and Central market (2.13(%)±0.71) shows no 
significant differences (P>0.05), but differ significantly (P<0.05) 
from that of Efugwaja market (1.77(%)±0.92). 
 
Table 6: Mean monthly Sensory evaluation of smoked Clarias 
gariepinus in Lapai, Niger   State, Nigeria 
 
Mean value within the column with the same superscript are not 
significant different (P>0.05) 
 
Table 6, showed that there was no significant differences in the 
colour, texture, appearance, taste and aroma of smoked Clarias 
gariepinus for the three months sampling duration (P<0.05) of 
sensory parameters evaluation of the fish. 
 
DISCUSSION 
The proximate compositions values obtained in this study showed 
variations both for the sampling stations and months of the study. 
The range of the values recorded for moisture contents (7.70 – 
9.01) and Protein (46.67 – 49.27) in the present study agreed with 
the value ranges recorded by Adebowale et al. (2008), in the 
study of proximate composition of Nigeria smoked catfish 7.16 – 
10.71 for moisture contents and 33.66 – 66.04 value ranges for 
protein. However, value of fat and ash contents in the present 
study deviates from that of Adebowale et al. (2008), range of 
14.47 – 15.53 for fat and ash content range of 9.21 – 12.16 were 
obtained in the present study as against 1.58 – 6.09 and 4.61 – 
5.13 recorded by Adebowale et al. (2008) for fat and ash contents 
respectively. The higher value of crude protein recorded for 
Clarias gariepinus may be attributed to the fact that the fish 
species consumed more of artificial diet (35% - 45%) crude 
protein (Abolagba and Melle, 2008). The results of this study was 
in agreement with those reported earlier by Omogwu (2014) on 
proximate composition of pond raised and wild Oreochromis 
niloticus and Clarias gariepinus and recorded the range of 
chemical composition of protein to be 54 – 68%, 5 – 7% fat, 9 – 
11% moisture and 5.4 – 15 ash. Ikeme (1991) studied the 
characterization of traditional smoked fish in Nigeria, and reported 
the range of chemical composition to be 60 – 80% protein, 6 – 
15% fat, 7 – 19% moisture and 5.4 – 15 ash. This result agreed 
with the observation of Shearer, (1994), that the protein 
composition of fish is affected by diversity of factors such as size, 
sexual maturation, temperature, salinity, exercise, ration, time and 
frequency of feeding, starvation, type and amount of dietary 
ingredient. Smoked Clarias gariepinus is a good source of pure 
protein and would be adequate to prevent malnutrition in children, 
and as well desirable for a growing child and adult who feed 
solely on fish as a main source of protein. 
The crude fibre values recorded in the samples from the markets 
within the three months duration is due to the fact that the energy 
content in smoked Clarias gariepinus is high because crude fiber 
is considered as indigestible. The crude fibre content indicates the 
amount of cell walls in the feed.  
The most important contribution of sensory attribute to eating 
quality was tenderness with flavor and juiciness (Safari et al., 
2001). Simko, (2002) highlighted factors that influence quality of 
smoked fish product to include:- properties of fish, age, sex, 
seasonal variation, and factors involve in the smoking procedure 
such as wood type, composition of smoked, temperature, 
humidity and density of the smoke. 
 
The ash content is high in the smoked fish samples as observed 
in the present study with a range of 2.30 – 9.98. This also 
confirmed the findings of Ande et al., (2012) and Ikeme (1991) 
who reported a range value of 5.4 – 15 ash content. Salan et al., 
(2006) also reported that increase in ash content of smoked fish 
sample is due to loss of humidity.    
The mineral contents of the sampled fish during the study period 
revealed that high calcium and phosphorus content ranges from 
65.33 to 69.00, and from 76.00 to 81.33 respectively from the 
sampled markets are of nutritional benefit, particularly for children 
and the aged who need higher intakes of calcium and phosphorus 
for bone formation and maintenance. Food is considered ‘good’ if 
Ca/P ratio is above two, and this helps to increase the absorption 
of calcium in the small intestine, and poor if the ratio is less than 
0.5 (Nickelson and Finne, 1992). Ca/K ratio is usually called 
thyroid ratio because calcium and potassium play a vital role in 
regulating thyroid activity and the ratio in this study is around the 
range (8-16) needed to maintain the regulation of thyroid activity 
in good balance (ARL, 2012). Ca/Mg ratio in the fish from the 
markets is within the range 2.0 and above, which enhances 
mental and emotional stability, whereas ratio beyond 1.6 or less 
than 2 is associated with mental and emotional disturbances 
(ARL, 2012). Variations in proximate compositions of smoked fish 
are said to be caused by different factors, such as fish species, 
smoking methods, smoking time and salt concentration (Abolagba 
and Melle, 2008). Smoking decreases the water activity in fish 
tissue  (Sveinsdottir, 1998) and if the smoked fish is not properly 
stored afterward, the efforts involved in smoking may not yield the 
expected preservative effect. Jallow (1995) reported that fish with 
10 - 15% moisture content has a shelf life of 3 - 9 months when 
stored properly. Thus, the concentrations of chemicals in smoked 
fish are contingent on the storage time and temperature. 
In conclusion, the outcome of this study indicates that moisture 
contents of fish is of great importance, as most of the biochemical 
reactions and physiological changes in fish depends on moisture 
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content. Protein content in smoked fish samples were observed to 
increase, as a result of increase in the dry matter content per unit 
weight following sample dehydration during smoking. Therefore, 
the increase in mineral content, ash content and crude fibre can 
be due to an increase in the dry matter content per unit weight 
following sample dehydration.  
The design for smoking technique is to ensure that the fish come 
out with low moisture content and longer shelf life. This study 
therefore recommended the need for the adoption of good 
processing practices and storage methods of smoked fish. In 
other words, the people that are involved in the processing and 
selling of smoked fish should maintained hygienic environment 
and  practices, so as to ensure that safety standards are 
maintained in smoked fish industry in order to preserved market 
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